biodegradation because it is highly chlorinated and, in general, aromatic compounds with higher amounts of chlorine are more resistant to biodegradation (Anandarajah et al., 2000) . In addition, this compound is very harmful to microorganisms because it destroys membrane function due to its ability to uncouple oxidative phosphorylation (Copley, 2000; Ito and Ohnishi, 1982) . In spite of these adverse properties, several microorganisms have been isolated from sites contaminated with PCP and their metabolite biodegradation pathways have been elucidated. In addition to this, different researchers have reported the PCP degrading microorganism (bacteria) from the natural environment. A number of microorganisms, Sphingomonas chlorophenolica formerly called Flavobacterium sp. (Chanama and Crawford, 1997) , Mycobacterium chlorophenolicus, Mycobacterium fortuitum (Haggblom et al., 1988) , Pseudomonas cepacia (Karns et al., 1983a, b) , Pseudomonas sp. (Suzuki, 1977) and Rhodococcus sp. (Apajalahti and Salkinoje-Salonen, 1986) , Corynebacterium sp. (Reiner et al., 1978) , Arthrobacter sp. ATCC 33790 (Schenk et al., 1989) were found to metabolize PCP through chlorinated hydroquinone intermediates.
There are still many unknown bacteria that have tremendous degradation capacity for PCP present in nature. Therefore, this study has emphasized the iso-lation and characterization of two more potent aerobic bacteria which have the capacity to degrade PCP at higher concentrations than reported earlier with a fast degrading enzyme.
Pulp paper mill effluent sludge samples were collected from M/s Century pulp and paper mill, Lalkuan, Nainital, Uttaranchal, India which is located (79°10ЈE longitude and 29°3ЈN latitude) in the foothills of the Himalayas.
The PCP degrading bacterial strains were isolated by the serial dilution technique, and purified by repeated streaking on nutrient agar plates. Colonies appearing after incubation at 37°C for 24 h were selected for further screening. Screening of PCP-tolerant bacterial strains were done by the nutrient enrichment technique in mineral salt medium (MSM) (Pfennig and Lippert, 1966) . Glucose (0.5 and 1% w/v) was used as an additional carbon source. PCP utilization by the growing bacterial strain was confirmed by addition of bromo-cresol purple (BCP, 16 mg/L), a pH dependent dye indicator (Martins et al., 1997) .
The biochemical characterization of potential bacterial isolates was done as per standard protocols for biochemical test (Barrow and Feltham, 1993; Williams et al., 1993) .
Genomic DNA was isolated from each of the microorganisms following the method described by Ausubel et al. (1992) . PCR amplification of 16S rDNA was performed with universal primers 27f (5Ј-AGAGTTTGATCMTGGCTCAG-3Ј) and 1492r (5Ј-TACGGYTACCTTGTTACGACTT-3Ј) (Escherichia coli 16S rDNA numbering system, Brosius et al., 1978) following the method described by Pandey et al. 2002 . Approximately 1.5 kb amplicon was separated by gel electrophoresis, eluted with a Qiaquick gel extraction kit (Qiagen, Hilden, Germany) and cloned into electrocompetent E. coli DH5a cells using SmaI digested cloning vector pBluescript II KS (ϩ). Recombinant plasmids were isolated using a QIAprep spin miniprep kit (Qiagen) and the insert was completely sequenced using five forward and four reverse primers, viz. KS (5Ј-TCGAGGTCGACGGTATC-3Ј), 27f, 357f, 704f, 1114f, 685r, 1110r, 1492r and SK (5Ј-CGCTCTAGAAC-TAGTGGATC-3Ј) (KS and SK, vector-specific primers) (Johnson, 1994) . The sequences were determined following the dideoxy chain-termination method using an ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction Kit and analyzed by an ABI 310 Genetic Analyzer (Applied Biosystems, USA). The partial sequences obtained from both the strains were submitted to the GenBank.
Sequences of closely related taxa of the isolates were retrieved from the GenBank database using BLAST (www.ncbi.nlm.nih.gov/BLAST) (Altschul et al., 1997) . All the sequences were aligned using the CLUSTAL-X program (Thompson et al., 1997) and the alignment was manually corrected. In order to determine the taxonomic position of both the isolates, 16S rDNA sequences from other closely related type strains of genus Bacillus and Serratia were retrieved from the Ribosomal Database Project II (http://rdp.cme.msu.edu/index.jsp). Phylogenetic trees were constructed using neighbor-joining analysis (Saitou and Nei, 1987) and the distances between sequences were calculated from the models of Jukes and Cantor (1969) . Bootstrap analysis was performed to assess the confidence limits of the branching (Felsenstein, 1985) .
The degradation studies were performed by inoculating isolates ITRC S 6 and ITRC S 9 with 1% inoculum (6.0ϫ10 5 /ml and 2.87ϫ10 6 /ml) PCP tolerant bacterial strains in MSM containing PCP (300 mg/L) and 1% (w/v) glucose at pH 7.0Ϯ0.2, incubated at 30Ϯ1°C in a refrigerated incubator shaker (Innova 4230, NJ, USA) at 120 rpm up to 168 h. The growth of the bacterial cells was determined by measuring optical density at 620 nm and PCP concentration was determined by UV-VIS spectrophotometer (GBC Cintra-40, Australia) at 320 nm at every 24 h interval up to 168 h. Residual PCP was detected in the culture fluid by the modified method of Shah and Thakur (2002) after removing the bacterial cells by centrifugation (Remi C-24) at 5,000 rpm for 20 min. The supernatant was initially acidified upto pH 2.0 by using 1 M HCl. Subsequently, the acidified sample was extracted with ethyl acetate (99.5%) in 1 : 1 ratio. The extraction was done by shaking the ethyl acetate and acidified sample mixture up to 5-10 min intermittently. Further, the PCP soluble organic phase separated at the upper layer was collected. The lower aqueous layer of separating funnel was again repeated twice for extraction of residual PCP. The collected organic phase sample was filtered through sodium sulphate to absorb the excess water. The filtered sample was evaporated to dryness using the elevated temperature (50-60°C) of a hot air oven.
The dried PCP extracted sample was dissolved in 5.0 ml acetonitrile (HPLC grade). A 20 ml sample was analyzed with a Waters 515 HPLC equipped with a UV-VIS (Waters-2487) detector. The Detector was set at wavelength of 320 nm. A reverse phase Waters make C-18 column (size 250ϫ4.6 mm) with particle size 5 mm was used for this study. The isocratic mobile phase was acetonitrile and water in the ratio of 70 : 30 (v/v) and flow rate was 1 ml/min. A PCP standard was run under the same conditions. The percent utilization was estimated by measuring the peak area of the PCP. Simultaneously, the PCP degradation was also determined by estimation of chloride ion released in aqueous media at every 24 h interval up to 168 h using 400 ml of culture supernatant in a 2.5 ml volumetric flask and adding 1.6 ml distilled water. A further 0.2 ml of reagent A was added (0.25 M ferric ammonium sulphate in 9.0 M nitric acid) followed by 0.2 ml of reagent B (saturated solution of mercuric thiocyanate in ethyl alcohol) and finally the volume was make up to 2.5 ml by distilled water. The mixture was allowed 10 min for color development after shaking. The absorbance was measured with a UV-VIS spectrophotometer (GBC Cintra-40, Australia) at 460 nm. The chloride ion was quantified by the standard curve of sodium chloride (0-100 mg/ml) (Bergmann and Sanik, 1957) . This was also quantified by an Orion ion analyzer model 960 (Boston, USA) using a calibrated selective chloride ion electrode.
All the isolated strains, i.e. ITRC S 1 -S 9 , were tolerant up to 100 ppm PCP in MSM. However, only ITRC S 6 and ITRC S 9 were able to tolerate up to 300 ppm.
Further, the bacterial isolates ITRC S 6 and ITRC S 9 were inoculated to a shake flask batch culture in MSM containing PCP 300 mg/L. Bacterial growth, measured by absorbance at 620 nm (UV-VIS spectrophotometer GBC-Cintra 40) showed the stationary phase after a 144 h incubation period (Fig. 1A , B, C and D) during PCP degradation. In addition, the bacterium could not grow in absence of glucose; thus, it indicated that PCP degradation is the resultant process of co-metabolism as earlier evidenced by Premalatha and Rajkumar (1994) . The simultaneous removal of PCP and release of the chloride ion as observed by measuring the optical density at 320 nm and 460 nm have also given strong evidence for the bacterial degradation of PCP as shown in Fig. 1 (A, B, C and D) . The maximum degradation of PCP (300 mg/L) was shown by ITRC S 6 and ITRC S 9 (62.75% and 86.6%, respectively) within a 168 h incubation period at pH 7.0Ϯ0.2, temperature 30Ϯ1°C and 120 rpm. These bacterial strains ITRC S 6 and ITRC S 9 could degrade PCP up to 67.43% and 73.70%, respectively, in 168 h as determined by HPLC analysis. These bacterial strains were found to be more efficient than reported so far in the literature as in axenic culture. The earlier reported aerobic bacterial strain of Flavobacterium sp. could utilize PCP up to 100 mg/L within 72 h (Saber and Crawford, 1985) and subsequently Shah and Thakur (2002) reported Pseudomonas fluorescens that could degrade PCP up to 100 mg/L in 120 h.
ITRC S 9 was a Gram-negative rod, catalase positive, oxidase negative, glucose fermentative and able to liquefy gelatin, hydrolyse casein and produce acid with maltose, mannitol, and sucrose. It also showed growth on MacConkey agar and it utilized the citrate as a carbon source. It decarboxylized the ornithine and lysine and was positive to a Voges-Proskaüer test. ITRC S 6 was a Gram-positive rod, catalase positive, methyl red positive, and Voges-Proskaüer positive. It used citrate as a carbon source and showed oval shape spore formation at the central position. It was thermo tolerant (up to 45°C) and salt tolerant (5% NaCl). Both bacterial strains ITRC S 9 and ITRC S 6 were resistant to ampicillin, amoxycillin, rifampin, penicillin-G, streptomycin and nalidixic acid. This indicated the broad range of environmental adaptation.
1,471 bp and 1,444 bp of the 16S rDNA of strains ITRC S 6 and ITRC S 9 were successfully sequenced, deposited to GenBank and the accession numbers DQ002384 and DQ002385 were obtained respectively. Using BLAST search (www.ncbi.nlm.nih.gov/BLAST) strain ITRC S 6 showed 99.87% sequence similarity with the first hit of search result, i.e. Bacillus cereus J-1 with 3 bases mismatch and strain ITRC S 9 showed 100% sequence similarity with Serratia marcescens AU736. The evolutionary distance dendrogram obtained on the basis of 16S rDNA sequences inferred that both the isolates belonged to the domain Bacteria (Figs. 2 and 3) . Strain ITRC S 6 belonged to the class 
